
FEED^FORWARD-BACK SUPPRESSED NOISE CIRCUITS 

This application claims the benefit under 35 
U.S.C. § 119(e) of the U.S. provisional patent 
application no. 60/429,124 filed November 26, 2002. 

5 Technical Field 

The present invention relates to electronic 
amplifiers and more particularly to an amplifier that 
provides noiseless amplification through signal 
superposition and modulation, 

10 Background Art 

In electrical and electronic systems, the noise 
generated by amplification of a signal reduces the signal 
to noise ratio and creates a limitation in the creation ' 
of good-quality high-power RF signals. 

15 Elimination of the noise generated by 

amplification of a signal is valuable in many 
applications, including communications, military 
applications and measurement systems. 

Prior known amplifier circuits have used 
20 feedforward superposition to isolate amplifier generated 
noise and subsequently cancel the amplifier generated 
noise in the output signal. Such amplifier circuits are 
subject to drift due to time, temperature and power 
variations. Amplifier characteristics also vary for 
25 different signal frequencies within the amplifier 
bandwidth. Many prior known feedforward amplifier 
circuits, were optimized during initial setup and did not 
provide automatic compensation for drift and frequency 
variation. 
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Prior known amplifier circuits have used 
feedback modulation of the input signal to attempt to 
suppress amplifier generated noise. Attempts to combine 
feedforward superposition and modulation have generally 
5 resulted in rather complex amplifier circuits. U.S. 
Patent No. 5, 760,.646 to Belcher et al. discloses an 
amplifier circuit that uses complex work functions to 
attempt to predistort the input signal to an amplifier. 
U.S. Patent No. 6,087,898 to Baskin discloses a complex 
10 amplifier circuit that uses a pilot tone and two 

feedforward loops to attempt to suppress amplifier • 
generated noise. 

A relatively simple, cost effective amplifier 
circuit that provides automatic compensation for drift 
15 due to time, temperature, and power variations, and to 
frequency variation is desirable. 

Disclosure of the Invention 

A noiseless amplifier circuit includes an input 
port, an output port, a primary amplifier, first, second 

20 and third circuits, and first and second controls. The 

amplifier has an input for receiving an input signal from 
the input port and an output for transmitting an 
amplified output signal to the output port. The first 
circuit receives, modulates and combines the input and 

25 output signals to isolate the amplifier generated noise 
and also provides amplification of the input signal. 

The second circuit superimposes the amplifier 
generated noise onto the output signal to remove the 
amplifier generated noise from the output signal. The 
30 third circuit receives and modulates the input signal, 
and receives the amplifier generated noise, to modulate 
the input signal at the input of the amplifier. The first 
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control controls the modulation in the first circuit to 
keep balanced the combination of the input and output 
signals and overcome amplifier drift. The second control 
controls the modulation in the second circuit to keep 
5 balanced the superposition of the amplifier generated 
noise onto the output signal. 

Brief Description of the Drawings 

Details of this invention are described in 
connection with the accompanying drawings that bear 
10 similar reference numerals in which: 

Figure 1 is a schematic circuit diagram of an 
amplifier circuit embodying the features of the present 
invention. 

Figure 2 is a schematic circuit diagram of an 
15 oscillator circuit with the amplifier circuit of Figure 
1. 

Figure 3 is a schematic circuit diagram of a 
mixer circuit with the amplifier circuit of Figure 1. 

Figure 4A is a pictorial representation of an 
20 input signal. 

Figure 4B is a pictorial representation of an 
output signal including amplifier generated noise. 

Figure 5A is a pictorial representation of an 
output signal from a mixer circuit without amplification. 

25 Figure 5B is a pictorial representation of an 

output signal from a mixer circuit with amplification and 
without noise suppression. 
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Figure 5C is a pictorial representation of an 
output signal from a mixer circuit with amplification 
from amplifier circuits embodying the features of the 
present invention . 

5 Detailed Description Of The Invention 

Referring now to Figure 1, an amplifier circuit 
11 embodying features of present invention includes an 
input port 12, an output port 13, a primary amplifier 14, 
a first circuit 15, a second circuit 16, a third circuit 

10 17, a first control 18 and a second control 19. An input 
signal is input into the amplifier circuit 11 at the 
input port 12 and an output signal is output from the 
amplifier circuit 11 at the output port 13. The primary 
amplifier 14 includes an input 21 for receiving the input 

15 signal and an output 22 for outputting the output signal. 

The first circuit 15 is a means for providing 
the desired gain and isolating the amplifier generated 
noise in the output signal. The first circuit 15 includes 
a directional first coupler 25, connected between the 

20 input port 12 and the input 21 of the primary amplifier 
14, and a directional second coupler 26, connected 
between the output 22 of the primary amplifier 14 and the 
output port 13. A first modulator 27, shown as a delay 
unit, connects to the first coupler 25 and a second 

25 modulator 28, shown as a variable attenuator and variable 
phase shifter, connects to the second coupler 26. A first 
combiner 2 9 connects to the first and second modulators 
27 and 28, and to an error amplifier 30. 

The second circuit 16 is a means for 
30 superpositioning and phase inverting the amplifier 
generated noise onto the output signal to cancel the 
amplifier generated noise from the output signal, and 
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includes a third modulator 33, a fourth modulator 34 and 
a second combiner 35. The third modulator 33 is shown as 
a variable attenuator and variable phase shifter, and 
connects between the error amplifier 30 and the second 
5 combiner 35. The fourth modulator 34 is shown as a 

variable delay unit, and connects to the second coupler 
26 and the second combiner 35. The second combiner 35 
connects to the output port 13. 

The third circuit 17 is a means for modulating 

10 the input signal or the output signal in response to the 
amplifier generated noise to provide feedback or 
feedforward, respectively, compensation of the amplifier 
generated noise. In the illustrated embodiment, the third 
circuit 15 is a feedback configuration, and includes a 

15 directional third coupler 38, a directional fourth 

coupler 39, a fifth modulator 40, a sixth modulator 41, a 
first detector 42 and a first loop filter 43. The third 
coupler 38 connects to the input port 12 and to the first 
coupler 25. The fourth coupler 39 connects to the error 

20 amplifier 30 and the third modulator 33. The fifth 
modulator 40 is shown as a variable attenuator and 
variable phase shifter, and connects to the first coupler 
25 and to the input 21 of the primary amplifier 14. The 
sixth modulator 41 is shown as a variable attenuator and 

25 variable delay unit, and connects to the third coupler 

38. The first detector 42 connects to the fourth coupler 
39 and to the sixth modulator 41. The loop filter 43 
connects to the first detector 42 and to the fifth 
modulator 40. 

30 The first control 18 is a means for maintaining 

phase and amplitude balance at the first combiner 29, and 
includes a second detector 45 connected to the fourth 
coupler 39, and a second loop filter 46 connected to the 


second detector 45 and to the first modulator 27. The 
second control 19 is a means for maintaining phase and 
amplitude balance at the second combiner 35, and 
includes a third detector 4 8 connected between the second 
5 combiner 35 and the output port 13, and a third loop 

filter 4 9 connected to the third detector 48 and to the 
third modulator 33. 

The input signal proceeds from the input port 
12 through the third coupler 38, the first coupler 25, 

10 and the fifth modulator 40 to the input 21 of the primary 
amplifier 14. The amplified output signal proceeds from 
the output 22 of the primary amplifier 14 through the 
second coupler 26, the fourth modulator 34 and the second 
combiner 35 to the output port 13- The input signal 

15 includes a carrier and input noise while the output 
signal, at the output 22 of the primary amplifier 14, 
includes the amplified carrier and input noise, and 
amplifier generated noise. 

In the first circuit 15, a portion of the input 
20 signal is tapped at the first coupler 25 and passed 

through the first modulator 27 to the first combiner 29 
while a portion of the output signal is tapped at the 
second coupler 26 and passed through the second modulator 
28 to the first combiner 29. The first and second 
25 modulators 27 and 28 modulate the input and output 

signals to match that the amplitude and to adjust the 
phase of the carriers of the input and output signals to 
be at 180 degrees relative to each other, so that the 
carriers and input noise cancel each other in the first 
30 combiner 29, and the output of the first combiner 29 is 
the amplifier generated noise. The amplifier generated 
noise is amplified in the error amplifier 30. 
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In the second circuit 16, the output signal is 
received from the output 22 of the primary amplifier 14 
at the fourth modulator 34, modulated therein, and 
transmitted to the second combiner 35. The amplifier 
5 generated noise is received at the third modulator 33, 

modulated therein, and transmitted to the second combiner 
35. The third and fourth modulators 33 and 34 match the 
amplitude and shift the relative phase by 180 degrees of 
the amplifier generated noise in the output signal and 

10 the amplifier generated noise from the first circuit 15. 
The second combiner 35 combines the modulated output 
signal and amplifier generated noise from the first 
circuit 15, and thereby cancels the amplifier generated 
noise from the output signal that is transmitted to the 

15 output port 13. 

In the third circuit 11, a portion of the input 
signal is tapped at the third coupler 38, transmitted to 
the sixth modulator 41, modulated therein, and 
transmitted to the first detector 42 for use as a 

20 reference signal. A portion of the amplifier generated 
noise is tapped at the fourth coupler 39 and transmitted 
to the first detector 42. The first detector 42 mixes the 
input signal and the amplifier generated noise, which 
transfers or downconverts the amplifier generated noise 

25 around frequency other than the frequency of the carrier, 
and separates the amplitude fluctuations from the phase 
fluctuations. Generally the amplifier generated noise is 
transferred around DC. The first detector 42 produces a 
first control signal that is transmitted to the first 

30 loop filter 43, processed therein, and transmitted to the 
fifth modulator 40 to control the fifth modulator 40. The 
fifth modulator 40 modulates the input signal before the 
input signal is received at the input 21 of the primary 
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amplifier 14 to compensate for the amplifier generated 
noise . 

The first and second controls 18 and 19 were 
not included in the above referenced provisional 
5 application. In the first control 18, the amplifier 
generated noise is received by the second detector 45, 
which produces a second control signal that is processed 
by the second loop filter 46. The second control signal 
is transmitted to the first modulator 27 to control the 

10 first modulator 27 and thereby keep the amplitude and 
phase balance at the first combiner 29. In the second 
control 19, the output signal, after the second combiner 
35, is received by the third detector 48, which produces 
a third control signal that is processed by the third 

15 loop filter 49. The second control signal is transmitted 
to the third modulator 33 to control the third modulator 
, 33 and thereby keep the amplitude and phase balance at 
the second combiner 35. 

The variable phase shift may be incorporated 
20 into either the first or second modulator 27 or 28 in the 
first circuit 15, and into either the third or fourth 
modulator 33 or 34 in the second circuit 16. The first 
control 18 can be implemented to control either the first 
or second modulator 27 or 28, and can also be integrated 
25 into the third circuit 17. The second control 19 can be 
implemented to control either the third or fourth 
modulator 33 or 34. The third circuit 17 can also be 
implemented in a feedforward configuration, with the 
fifth modulator 40 being connected between the second 
30 coupler 2 6 and the fourth modulator 34. The first 

detector 42 may incorporate circuitry that isolates the 
amplifier generated noise and thereby can be connected to 
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the output 22 of the primary amplifier 14 instead of 
being connected to the error amplifier 30. 


The first, second and third loop filters 43, 46 
and 4 9 are each generic low pass circuits. The first, 
5 second and third detectors 42, 45 and 48, and the first, 
second and third loop filters 43, 46 and 49 may be 
implemented, by way of example, and not as a limitation, 
with analog circuitry and/or with special purpose digital 
circuitry. The third detector 48 may incorporate 
10 circuitry that compares the amplifier noise with its copy 
and thereby can be connected to the outputs of the third 
and fourth modulators 33 and 34 instead of being 
connected at the output port 13. 

Figure 2 shows an oscillator circuit 51 
15 incorporating a noiseless amplifier circuit 11. The 

oscillator circuit 51 includes a resonator 53 connected 
to the input port 12 of the amplifier circuit 11, a phase 
modulator 54 connected to the resonator 53, a limiting 
network 55 connected to the phase modulator 54 and a 
20 fifth coupler 56 connected between the limiting network 
55 and the output port 13 of the amplifier circuit 11. 
The output of the oscillator circuit 51 is sampled 
through the fifth coupler 56. The element limiting noise 
performance in oscillators, especially above a few GHz, 
25 is the amplifier. Since the gain in the oscillator 

circuit 51 with the amplifier circuit 11 is virtually 
without noise, performance of oscillator circuit 51 is 
only limited by the other elements in the loop, and is 
generally outstanding. 

30 Figure 3 shows a mixer circuit 58 having a 

frequency mixer 59 connected to the output ports 13 of 
two amplifier circuits 11. Figure 4A shows an input 
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signal including a carrier 61 and input noise 62, and has 
input signal to noise ratio 63. In Figure 4B an output 
signal, the amplified input signal, includes the 
amplified carrier 61 and input noise 62, and amplifier 
5 generated noise 65. The first output signal to noise 

ratio 66 represents the signal to noise ratio without the 
noiseless amplification of the present invention and is 
less than the input signal to noise ratio 63. The second 
output signal to noise ratio 67 represent the signal to 
10 noise ratio of the amplifier circuit 11 of the present 
invention, and is equal to the input signal to noise 
ratio 63. 

Figure 5A shows the output signal of a mixer 
circuit without amplification of the input signals, 

15 including the carrier 61, input noise 62, mixer generated 
noise 68 and modulation sidebands 69. The modulation 
sidebands 69 do not extend above the mixer generated 
noise 68, so the mixer generated noise 68 prevents 
recovery of the modulation sidebands 69. Figure 5B shows 

20 the output signal of a mixer circuit with amplification 
of the input signals, but without noiseless 
amplification. The amplifier generated noise 65 extends 
above the mixer generated noise 68. The modulation 
sidebands 69 extend above the mixer generated noise 68 

25 but do not extend above the amplifier generated noise 65, 
so the amplifier generated noise 65 prevents recovery of 
the modulation sidebands 69. Figure 5C shows the output 
signal of a mixer circuit with amplification of the input 
signals with the amplifier circuit 11 of the present 

30 invention. The modulation sidebands 69 extend above the 
mixer generated noise 68, the amplifier generated noise 
65 is suppressed, and the modulation sidebands 69 are 
recoverable . 
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Although the present invention has been 
described with a certain degree of particularity, it is 
understood that the present disclosure has been made by 
way of example and that changes in details of structure 
5 may be made without departing from the spirit thereof. 


